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METHOD AND APPARATUS FOR 
MODELING ELECTROMAGNETIC 

INTERACTIONS IN ELECTRICAL CIRCUIT 
METALIZATIONS TO SIMULATE THEIR 

ELECTRICAL CHARACTERISTICS 

RELATED APPLICATIONS 

U.S. patent applications Ser. Nos. 09/283,392, 09/283,393 
and 09/283.394 were filed concurrently herewith. 

TECHNICAL FIELD 

This invention is related to the design of optimized 
metalization Structures and, more particularly, to modeling 
of electromagnetic interactions in electrical circuit metal 
izations to Simulate the electrical properties of metalization 
Structures in integrated circuits from their physical charac 
teristics and using those electrical properties to obtain 
improved metalization performance. 

BACKGROUND OF THE INVENTION 

It is desirable to be able to model quickly and accurately 
the electrical characteristics of metalization Structures, Such 
as inductors, interconnects and the like. It is also desirable 
to generate metalization Structures that minimize the flow of 
unwanted Signals between circuit nodes. Determination of 
these electrical characteristics requires a detailed Solution of 
the charge density everywhere in the metalization Structure 
combined with an understanding of the extent to which time 
dependent variations in the charge density will generate 
unwanted variations in the charge density elsewhere. 
Because of very rapid three (3) dimensional variation in 
charge density with position in known metalization Struc 
tures and because these variations Strongly affect the elec 
trical characteristics of the metalizations and because the 
variations can arise from variations in distant metalization 
Structures, an accurate and fast method for determining those 
charge distributions and the interactions between those 
charge distributions is required in order to properly deter 
mine the electrical properties of, for example, inductors or 
other Systems of metals. One family of techniques that has 
been used for this purpose, employs a uniform or variable 
three (3) dimensional mesh of the entire metalization Struc 
ture and assumes that the charge distribution will be Strongly 
determined by interactions with adjacent metalization Struc 
tures at all distances. However, these So-called long range 
Solvers are very inefficient, i.e., slow, when employed in an 
attempt to model metalization Structures that are largely 
planar as in integrated circuit metalization Structures and 
that are Strongly shielded from distant Structures. Another 
family of techniques employs So-called short range SolverS 
that are faster than the long range Solvers, but do not account 
for long range interactions that may be important and, 
therefore, these short range SolverS yield inaccurate results. 

SUMMARY OF THE INVENTION 

These and other problems and limitations of prior known 
modeling arrangements and methods are overcome by 
employing automatic Substrate grounding and Shielding gen 
eration in conjunction with a design and Simulation proceSS 
for modeling the charge distributions and the interactions of 
these charge distributions on metalization Structures arising 
from Voltages and currents flowing in metalization Struc 
tures. By generating and, then, employing a grounding 
Structure that is optimized to Strongly Screen the metaliza 
tion Structure being designed and Simulated, the requirement 
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2 
is eliminated for the accurate incorporation of the Strongly 
dependent long range metalization Sub unit to Sub unit 
charge distribution coupling from the charge distribution 
determination process. 

In one embodiment of the invention, representative met 
alization Sub units are Selected, Such as Straight Sections of 
infinitesimal length, right angle bends and interSections. 
Charge distributions are determined in those representative 
Sub units based on the assumption that the integrated circuit 
Substrate Strongly Suppresses any long range circuit inter 
actions or frequency dependent effects. Then, based on the 
above assumption, Self and mutual interactions are deter 
mined of the metalization Sub units. Further, based on 
determined characteristics of those Sub units, Substrate 
grounding Structures are determined and constructed that 
ensure the validity of the Simulation assumption that the 
Substrate grounding is adequate to Strongly Suppress any 
long range circuit interactions and/or frequency dependent 
effects. The determined Self and mutual interactions can then 
be used as initial Solutions to describe all interactions 
between Similar metalization Sub units in the Overall physi 
cal metalization Structure to be fabricated. 

Technical advantages arising from use of applicant's 
unique Shielding arrangement are a significant reduction in 
the time required to obtain Simulation results for modeling 
the metalization Structures, while Still maintaining a very 
acceptable accuracy of results, and the ability to perform the 
Simulation process concurrently with the process of model 
ing the grounding Structure that provides the Substrate 
Shielding. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1A shows, in simplified form, a cross section of a 
circuit metals Structure fabricated on a Substrate without 
grounding Structures and the lines of coupling to adjacent 
circuit elements, 

FIG. 1B shows, in simplified form, a cross section of a 
circuit metals Structure fabricated on a Substrate with 
grounding structures and the absence of lines of coupling to 
adjacent circuit elements, 

FIGS. 2A through 2C show, in simplified form, an induc 
tor to be fabricated from circuit metalizations, as well as, the 
croSS Section of the metalization paths in the inductor; 

FIG. 3 is a graphical representation illustrating test ele 
ments relative to lines of charge/current in a Section of the 
inductor of FIG. 2; 

FIG. 4 shows, in Simplified form, Simulation apparatus 
including an embodiment of the invention; 

FIG. 5 shows, in simplified block diagram form, details of 
the apparatus of FIG. 4; and 

FIG. 6 is a flowchart illustrating steps in one embodiment 
of a simulation proceSS including an embodiment of the 
invention. 

DETAILED DESCRIPTION 

FIG. 1A shows, in simplified form, a cross section of a 
prior art circuit metals Structure fabricated on a Substrate 
without grounding Structures and the lines of coupling to 
adjacent circuit elements. Shown is the So-called Standard 
approach that does not use Substrate Shielding to shunt the 
currents to ground potential. Specifically, shown are Sub 
Strate 101 without Shielding, its parasitic capacitances 102 
and currents 103 generated by the unshielded fields arising 
from the metalization Structure finding ground potential 
through substrate 101. Note that in addition to currents 103 
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flowing downward through substrate 101 there are similar 
currents (not shown) flowing upward from substrate 101. 
Use of this prior So-called Standard approach requires a 
Significantly longer time to Solve for a desired metalization 
Structure to be fabricated, than by using applicant's unique 
invention, because of the currents and fields flowing to 
ground potential through Substrate 101 interact Strongly with 
adjacent metalization Sub units. 

FIG. 1B shows, in simplified form, a cross section of a 
circuit metals Structure fabricated on a Substrate with 
grounding Structures and the absence of lines of coupling to 
adjacent circuit elements. Shown is the So-called Shielding 
approach of applicant's unique invention that does use 
Substrate Shielding to shunt the currents to ground potential, 
and which establishes a So-called counter charge under the 
metalization Structure. This counter charge is identical to but 
opposite in Sign to the metalization Structure's Voltage 
induced charge. Consequently, the counter charge cancels 
the Strong interaction with distant metalization Sub units 
caused by the Voltage induced charge. Specifically, shown 
are substrate 101 with Substrate shield 104, its parasitic 
capacitances 102 and currents 105 finding ground potential 
through Shielding 104. Use of applicant's unique shielding 
approach yielding a quicker and more accurate approach to 
Simulating a physical metalization Structure to be fabricated. 

FIGS. 2A through 2C show, in simplified form, an induc 
tor 200 to be fabricated from circuit metalizations, as well 
as, the croSS Section of the metalization paths in the inductor. 
FIG. 2A shows three (3) Sub units 1, 2 and 3 of an integrated 
circuit inductor as shown in FIGS. 2B and 2C. The upper 
most metal 201 in each of the Sub units is 3 um thick, while 
the lower metals 202 and 203 are each 0.5 um thick. The Sub 
units 1, 2 and 3 form a portion of the overall integrated 
circuit inductor 200, which is fabricated on Substrate 204. 
FIGS. 2B and 2C graphically illustrate overall inductor 200 
including the representative sub units 1, 2 and 3. Note the 
high-lighted portions illustrating Sub units 1, 2 and 3 in 
FIGS. 2B and 2C, and that the sub units have been parti 
tioned into Smaller Sub elements as indicated, for example, 
by the cross hatching in Sub unit 3. 

FIG. 3 is a graphical representation illustrating test ele 
ments relative to lines of charge/current in a Section of the 
inductor of FIG. 2. Shown are test elements 301, which are 
in parallel alignment relative the lines of current/charge 302 
on a sub unit of inductor 100. Specifically, test elements 301 
are in Solid outline and delineated at each end Solid by a dot, 
and the lines of charge/current 302 are in dotted outline. In 
FIG. 3, the test elements 301 and lines of charge/current 302 
are shown relative to the groups of sub units 1, 2 and 3 of 
inductor 100. 

FIG. 4 shows, in Simplified form, Simulation apparatus 
including an embodiment of the invention. Thus, shown is 
computer system 400 which may be, for example, a work 
Station of a type well known in the art, including a central 
processor, System memory, hard disk and the like (not 
shown) but housed in cabinet 401. Also included are monitor 
402, display unit 403, keyboard 404 and pointing device, 
i.e., mouse 405. Cabinet 401 also houses a CD-ROM drive 
406. The hard disk and system memory are employed in well 
known fashion to Store and retrieve Software programs 
incorporating code for effecting an embodiment of the 
invention. Additionally, cabinet 401 may also house a floppy 
disk drive (not shown). 

FIG. 5 shows, in simplified block diagram form, details of 
the apparatus of FIG. 4. Thus, shown is computer System 
400 including monitor 402 including display unit 403, 
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4 
display adapter 414, keyboard 404, mouse 405, central 
processor 407, system memory 408, removable disk drive 
409, hard disk drive 410, I/O controller 411 and speaker 412 
all interconnected via bus 413. Indeed, FIG. 5 illustrates but 
one arrangement for implementing an embodiment of the 
invention and other Similar arrangements may be employed 
to equally practice one or more embodiments of the inven 
tion. 

FIG. 6 is a flowchart illustrating steps in one embodiment 
of a simulation proceSS including an embodiment of the 
invention. In this embodiment, the flowchart of FIG. 6 when 
employed in the simulation apparatus of FIGS. 4 and 5 
effects a process and apparatus for modeling metalization 
Structures on Substrates by employing Substrate grounding 
and Shielding in conjunction with the Simulation of charge 
distributions and interactions on metalization Structures. 

At this time it is believed that a discussion of the theory 
of applicant's unique modeling and Simulation process is in 
order. In what follows, test elements are used which are 
Smaller than the charge carrying elements; however, this is 
not generally required. The field or potential on each of the 
test elements arising from the charge on the longer elements 
is determined by the sum of two components. The first 
component, the Self induced potential of a Sub unit element 
of radius p whose endpoints are offset by the distances 
X=X, -X, in the direction parallel to their lengths is 
determined by: 

(1) 
desii = st 22, (-1)+b. 

3.2 (p? + xii)" + xi -- 
3.p2 2 

where the origin of the coordinate System has been chosen 
Such that 

The Second component, arising from the coupling of test 
elements to adjacent lines of charge or the charge images 
that are separated from the test element can be determined 
by: 

(2) 

where r is the location of the observation point, r, is the 
location of the Source and Z is the height of the Source. In 
Equation 2, the Second term in the brackets enforces the 
condition of infinite Substrate conductivity. Although Equa 
tion 2 is useful, in our Simulation a closed form expression 
is used for the interactions between Straight elements. 

In order to determine the complex admittance matrix for 
the metalization Structure, the potentials are described in the 
form: 

di = (jsij + isbi).qi + X. qi (cipii + inpii + (bsbi). (3) 
iii 

If all Sub units in a prescribed group of Sub units are 
Solved simultaneously, Equation 3 will run over all charge 
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elements in the three Sub units. If the Sub units are solved 
independently Equation 3 need not include terms from more 
than one Sub unit as it is being Solved. 

The p, are generally the same for all parallel test elements. 
It is often necessary to find the physical characteristics of the 
Sub units in the external electric potential arising from the 
charges in other Sub units. These external potentials are of 
the form: 

d (4) -- od (s 8x2 ws2 2 

where X is taken to be along the line which interSects the end 
of each of the parallel test elements, X is at the center of the 
Sub unit, WS is the width of a particular Sub unit and 
adjustments are made to the magnitudes of the potential db 
and its derivatives. It should be noted that there can be 
Significant variation in magnitude of the charge along the 
length of the metalization Sub unit, consequently, additional 
terms can be added to Equation 4 to account for these 
variations. Note, however, that these variations tend to be 
limited by the screening effects of the substrate. 

In structures such as the inductor shown in FIGS. 2B and 
2C, the Sub unit in each turn can be excited with a Voltage 
independently, the three Sub units can be Solved for each 
excitation, and the Sub unit charge distribution and electrical 
properties can then be determined as a function of their Self 
and adjacent turn voltages. 

For Structures lacking the Symmetry of the Structure in 
FIGS. 2B and 2C, it is often desirable to solve Equations 3 
and 4 independently for each Significant term in the electric 
potential expansion (Equation 3) So that the dependence of 
the Sub unit charge distribution and, therefore, its electrical 
properties on the potential or its derivatives can be quanti 
fied. Then, in the determination of the overall metalization 
structure, the effects of the field dependence of a sub unit 
charge distribution will be accurately represented as it 
responds to the potential variations generated by the charge 
distributions in other System Sub units. 

Because the Sub units are Small compared to the wave 
length of the electrical Signal, Voltages of the elements in 
and connected to the Sub units is roughly constant So that the 
whole Structure can be assigned a constant Voltage during its 
determination. This constraint is implemented for Sub units 
being excited through requiring that: 

(x - yo) s 

(p=1. (5) 

For Sub units that are not being excited, the constraint is: 
(p=0. (6) 

AS described above, the Simultaneous Solution of Equa 
tions 1 through 6 allows the field dependent charge distri 
bution of the Sub unit to be obtained. 

In order to determine the characteristics of the Sub unit, 
the charge distribution on the Sub unit is used, as well as, the 
difference between the Sub unit voltage (p, on the left of 
Equation 3 and that of adjacent Structures. The complex in 
field sub unit admittance is determined by the total Sub unit 
charge divided by the Sub unit voltage, namely: 

qtoi, (7) 
Yoi i = - , Pii di 

where qtot is the Sum of the charge on the region of the 
charge carrying elements Spanned by the test elements. 
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6 
The mutual interactions between two Sub units, for 

example, A and B, can be determined through: 

CAB = X. X. (cipii + inpii + (bsbii)4 A. qBi, (8) 
i 

where the qa, and the q are the charges on the A" and 
B” sub units, respectively. 

A more efficient manner for the determining and express 
ing the mutual interactions between Sub units is through 
multipole decomposition. In this process, the charge distri 
butions on the Sub units are decomposed into mathemati 
cally orthogonal distribution functions that efficiently cap 
ture the differing properties of the components of the charge 
distributions. These charge distribution functions generate 
potentials whose Spatial dependence is Stored in a look up 
table, and these Spatial dependent potentials can then be used 
to determine the couplings of the adjacent Sub units. Fol 
lowing this procedure, the most convenient charge distribu 
tion functions are 

2 

= 1, x -1/2 f, = 1, x, -- . . . 

The magnitude of the component a' of each of the f, in a 
Sub unit charge distribution is: 

W , 2n + 1 2i - N + 1 
d = N X (vi) a 

(9) 

where a', then represents the component of the function f, 
in the Sub unit charge distribution. The potential generated 
by a' is given by: 

47tew 

where w is the width of the sub units, p is the distance to the 
center of the distribution being represented and 0 is the angle 
between the charge flow and line between the point current 
Source and observation points. Because these potentials also 
determine the mutual admittances between Sub units, these 
Solutions permit the full determination of the parallel admit 
tances of the Overall metalization Structure. 

A method for determining the variation of the sub unitself 
and mutual electrical properties that arise from variations in 
Sub unit length is to decompose a Sub unit of perturbed 
length into the Sum of the original Sub unit plus a short 
physical extension to the Sub unit. The Self and mutual 
electrical characteristics of the Sub unit extension can be 
determined through Substitution of the previously deter 
mined Sub unit charge distribution (found through Equation 
3) into Equations 5 to 7 that describe the self and mutual 
interactions between charge elements that represent the Sub 
unit extension. 

The parallel metalization Self and mutual admittances of 
the Overall metalization Structure are determined through the 
suitable combination of the representative sub units to form 
the larger Structure and the tabulation of their characteristics 
and interactions when assembled into the larger Structure in 
the following form: 
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I, I – I = V, Yp+2atif) (V, -V.C.. (11) 
iii 

In Equation 11, I-1-I, represents currents that are derived 
from the Series paths through parallel impedances. In Equa 
tion 11, the Yp, describing the capacitive and resistive 
admittances to a grounded Substrate are much more impor 
tant than the C., that describe inter Sub unit capacitances 
that describe the inter Sub unit capacitances 

The parallel admittances of Equation 11 are then solved for 
the two (2) port frequency dependent network admittances. 

By way of an example, the parasitic admittances and the 
Substrate grounding structures are determined, as described 
below. In general, impedance Z is given by: 

Z=R-i X (12) 

and 

|Z-VR2+x_2, (13) 

where 

X 1 
C - 2 ?c 

and for complete Screening X->> R, 1/Z is the complex 
admittance and 

- = X. Yp C 

Consequently, 

R2 (14) 
Z => X 1 + - d Z => XC 2X2 al 

the Screening level (SL) is 

(15) 

Then, the resistance is Set to a maximum value to determine 
the necessary Simulation accuracy, for example, for 90% 
Screening. Consequently, 

R 0.1 
x - v. 

and 
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8 
and, therefore, in this example, a AZ value to be added is 

R 
- = 0.5%. 
2X 

In turn, this yields 

Thereafter, a resistance of 

R = - - 
10 

is added to the Sub unit to Substrate admittance found above 
and capacitance is reduced by 0.5% on the sub unit to 
Substrate admittance. Then, the Substrate contact area or 
poly-Silicon area is generated by: 

(16) XC Rsubstrate 7. Ax 
R = - = log. -- 10 ( 7tlin; ) og. 2af } 

where AX is the Separation from the center of a Sub unit to 
the center of a ground structure, R is the Substrate 
resistivity, and af is the average area of the Sub unit and the 
Substrate area. Then, af is determined as follows: 

( El) af -- 8 substrate. 
(17) 

Note that in one example, at is set for the worst case but the 
results are typically better than the worst case. 

Indeed, then a new value for the parasitic admittance is 
determined by Yp, of Equation 11. It should be noted that 
C, of Equation 11 is corrected in similar fashion as Yp. 

Alternatively, a grounded poly Silicon Shield may be 
fabricated under the metalization Structure to provide a very 
high conductivity layer. In one example, the poly Silicon 
shield is in the shape of a “snow flake” that assures the 
desired high conductivity. 

It should be noted that for each Sub unit admittance there 
typically would be a corresponding Substrate admittance and 
also a corresponding complex admittance. Consequently, 
one or more Sub unit admittances and one or more corre 
sponding Substrate admittances may be employed in deter 
mining one or more complex admittances. Therefore, at least 
one (complex) admittance could be one or more (complex) 
admittances, i.e., just one (complex) admittance or a plural 
ity of (complex) admittances. 

Returning to the flow chart of FIG. 6, the process is started 
in step 601, where the physical description is inputted of the 
metal structure that is to be fabricated on the conductive 
substrate. Step 602 causes the inputted metal structure to be 
decomposed into metalization Structure Sub units. In Step 
603 the Sub units are decomposed into sets of much smaller 
sized sub unit elements. Step 604 assumes that the substrate 
has infinite, i.e., complete, conductivity. In Step 605, the 
Static charge distributions of Selected Sets of elements, i.e., 
Sub elements, is determined. This is realized by employing 
Equations 1 and 3 through 6. Thereafter, step 606 determines 
the overall metalization Structure charge distribution. This is 
realized by employing Equations 3 through 6. Step 607 
Statically determines the Sub unit admittances by employing 
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Equations 7, 8 and 10. Then, in step 608 the substrate 
admittance is determined, as described via the example 
given above. Step 609 causes the sub unit and substrate 
admittances to be combined, also as described in the 
example given above. The parasitic admittance information 
is Supplied as an output via step 610. Step 611 causes the 
Substrate grounding, i.e., Screening, Structures to be gener 
ated. This is also described in the above example and, 
Specifically, by Equations 16 and 17. Then Step 612 gener 
ates the Substrate Structure, which is Supplied as an output 
via step 613. 

The above-described methods and apparatus are, of 
course, merely illustrative of the principles of the invention. 
Indeed, numerous other methods or apparatus may be 
devised by those skilled in the art without departing from the 
Spirit and Scope of the invention. 
What is claimed is: 
1. A method for use in modeling metalization Structures in 

electrical circuits including a Substrate on which the metal 
ization Structure is fabricated comprising the Steps of: 

generating charge and/or current distributions from a 
Source of current distribution on a metalization Struc 
ture, 

Setting a prescribed Substrate Shielding to obtain a pre 
Scribed Substrate conductivity, Said shielding being 
placed between the metalization Structure and the Sub 
Strate, 

shunting parasitic currents from Said metalization Struc 
ture through Said shielding to a prescribed potential 
thereby minimizing long-range interactions between 
the metalization Structures based on underlying char 
acteristics of Said charge and/or current distributions 
that generated Said interactions, 

Statically determining at least one admittance for Said 
metalization Structure; 

determining at least one admittance for Said Substrate; 
combining Said at least one metalization Structure admit 

tance and Said at least one Substrate admittance to 
generate at least one complex admittance; and 

utilizing Said at least one complex admittance to generate 
Substrate grounding Structures forming Said Shielding 
for Said physical metalization Structure to be fabricated, 

whereby the modeling method converges to correct result 
ing Substrate grounding Structures. 

2. The method as defined in claim 1 wherein a simulation 
proceSS for modeling electrical characteristics of Said physi 
cal metalization Structure and generation of Said grounding 
Structures are effected Simultaneously. 

3. The method as defined in claim 1 wherein said Substrate 
Shielding is Such as to yield complete Substrate conductivity. 

4. The method as defined in claim 1 wherein said Substrate 
Shielding is Such as to yield Substantially infinite Substrate 
conductivity. 

5. The method as defined in claim 1 wherein said at least 
one complex admittance is at least one parasitic admittance 
and information of Said at least one parasitic admittance is 
Supplied as an output. 

6. The method as defined in claim 1 wherein said step of 
utilizing Said at least one complex admittance to generate 
Substrate grounding Structures includes generating a Sub 
Strate contact area for a ground Structure utilizing Said at 
least one complex admittance. 

7. The method as defined in claim 6 wherein said Substrate 
contact area is dependent on at least a factor related to Said 
at least one complex admittance, on a resistivity of Said 
Substrate and a separation distance between the center of a 
Sub unit and the center of a corresponding ground structure. 
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8. The method as defined in claim 1 further including the 

Step of partitioning of a metalization Structure to be fabri 
cated into prescribed metalization Structure Sub units. 

9. The method as defined in claim 8 further including the 
Steps of determining charge distributions of Said Sub units 
and utilizing Said determined Sub unit charge distributions to 
determine Sub unit admittances. 

10. The method as defined in claim 9 wherein said step of 
combining includes combining Said Sub unit admittances 
with Said at least one Substrate admittance to generate Said 
at least one complex admittance. 

11. The method as defined in claim 10 wherein said 
Substrate Shielding is Such as to yield Substantially infinite 
Substrate conductivity. 

12. The method as defined in claim 11 further including 
the Step of decomposing Said Sub units into Sets of Sub 
elements. 

13. The method as defined in claim 12 wherein said step 
of determining Said charge distributions includes the Step of 
determining charge distributions of Said Sub elements in Said 
Sets of Sub elements and Said Step of Statically determining 
includes Statically determining admittances of Said Sets of 
Sub elements. 

14. The method as defined in claim 13 wherein said step 
of combining combines Said admittances of Said Sets of Said 
Sub elements with Said at least one Substrate admittance to 
generate Said at least one complex admittance. 

15. The method as defined in claim 14 wherein said step 
of utilizing Said at least one complex admittance to generate 
Substrate grounding Structures includes generating a Sub 
Strate contact area for a ground Structure utilizing Said at 
least one complex admittance. 

16. The method as defined in claim 15 wherein said 
substrate contact area is dependent on at least a factor related 
to Said at least one complex admittance, on a resistivity of 
Said Substrate and a separation distance between the center 
of a Sub unit and the center of a corresponding ground 
Structure. 

17. Apparatus for use in modeling metalization Structures 
in electrical circuits including a Substrate on which the 
metalization Structure is fabricated comprising: 
means for generating charge and/or current distributions 

from a Source of current distribution on a metalization 
structure to be fabricated; 

means for partitioning of a metalization Structure to be 
fabricated into prescribed metalization Structure Sub 
units, 

means for Setting a prescribed Substrate Shielding to 
obtain a prescribed Substrate conductivity, Said Shield 
ing being placed between the metalization Structure and 
the Substrate, Said shield being connectable to shunt 
parasitic currents from the metalization Structure to a 
prescribed potential thereby minimizing long-range 
interactions between the metalization Structures based 
on underlying characteristics of Said charge and/or 
current distributions that generated Said interactions, 

means for Statically determining at least one admittance 
for Said metalization Structure; 

means for determining at least one admittance for Said 
Substrate; 

means for combining Said at least one metalization Struc 
ture admittance and Said at least one Substrate admit 
tance to generate at least one complex admittance, and 

means for utilizing Said at least one complex admittance 
to generate Substrate grounding Structures forming Said 
shielding for Said physical metalization Structure to be 
fabricated; 
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whereby the modeling converges to correct resulting 
Substrate grounding Structures. 

18. The invention as defined in claim 17 wherein a 
Simulation proceSS for modeling electrical characteristics of 
Said physical metalization Structure and generation of Said 
grounding Structures are effected Simultaneously. 

19. The invention as defined in claim 17 wherein said 
initial Substrate shielding yields complete Substrate conduc 
tivity. 

20. The invention as defined in claim 17 wherein said 
initial Substrate Shielding is Such as to yield Substantially 
infinite Substrate conductivity. 

21. The invention as defined in claim 17 wherein said at 
least one complex admittance is at least one parasitic admit 
tance and further including means for Supplying information 
of Said at least one parasitic admittance as an output. 

22. The invention as defined in claim 17 wherein said 
means for utilizing Said at least one complex admittance to 
generate Substrate grounding Structures includes means for 
generating a Substrate contact area for a ground structure 
utilizing Said at least one complex admittance. 

23. The invention as defined in claim 22 wherein said 
Substrate contact area is dependent on at least a factor related 
to Said at least one complex admittance, on a resistivity of 
Said Substrate and a separation distance between the center 
of a Sub unit and the center of a corresponding ground 
Structure. 

24. The invention as defined in claim 17 further including 
means for partitioning of a metalization Structure to be 
fabricated into prescribed metalization Structure Sub units. 

25. The invention as defined in claim 24 further including 
means for Statically determining charge distributions of Said 
Sub units and means for utilizing Said determined Sub unit 
charge distributions to determine Sub unit admittances. 

26. The invention as defined in claim 25 said means for 
combining includes means for combining Said Sub unit 
admittances with Said at least one Substrate admittance to 
generate Said at least one complex admittance. 

27. The invention as defined in claim 26 wherein said 
initial Substrate Shielding is Such as to yield Substantially 
infinite Substrate conductivity. 

28. The invention as defined in claim 27 wherein said 
means for partitioning includes means for decomposing Said 
Sub units into Sets of Sub elements. 

29. The invention as defined in claim 28 wherein said 
means for determining Said charge distributions includes the 
means for determining charge distributions of Said Sub 
elements in Said Sets of Sub elements and Said means for 
Statically determining includes means for Statically deter 
mining admittances of Said Sets of Sub elements. 

30. The invention as defined in claim 29 wherein said 
means for combining includes means for combining Said 
admittances of Said Sets of Sub elements with Said at least 
one Substrate admittance to generate Said at least one com 
pleX admittance. 

31. The invention as defined in claim 30 wherein said 
means for utilizing Said at least one complex admittance to 
generate Substrate grounding Structures includes means for 
generating a Substrate contact area for a ground structure 
utilizing Said at least one complex admittance. 

32. The invention as defined in claim 31 wherein said 
Substrate contact area is dependent on at least a factor related 
to Said at least one complex admittance, on a resistivity of 
Said Substrate and a separation distance between the center 
of a Sub unit and the center of a corresponding ground 
Structure. 

33. Apparatus for use in modeling metalization Structures 
in electrical circuits including a Substrate on which the 
metalization Structure is fabricated comprising: 
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a first generator to generate charge and/or current distri 

butions from a Source of current distribution on a 
metalization Structure; 

an initial prescribed Substrate Shielding being assumed to 
obtain a prescribed Substrate conductivity, Said Shield 
ing being placed between the metalization Structure and 
the Substrate and being connectable to shunt parasitic 
currents from the metalization Structure to a prescribed 
potential thereby minimizing long-range interactions 
between the metalization Structures based on underly 
ing characteristics of Said charge and/or current distri 
butions that generated Said interaction; 

a processor to Statically determine at least one admittance 
for Said metalization Structure and to determine at least 
one admittance for Said Substrate; 

a combiner to combine Said at least one metalization 
Structure admittance and Said at least one Substrate 
admittance to generate at least one complex admit 
tance; and 

first utilization apparatus to use Said at least one complex 
admittance to generate Substrate grounding Structures 
forming Said Shielding for Said physical metalization 
Structure to be fabricated, 

whereby the modeling converges to correct resulting 
Substrate grounding Structures. 

34. The invention as defined in claim 33 wherein a 
Simulation proceSS for modeling electrical characteristics of 
Said physical metalization Structure and generation of Said 
grounding Structures are effected Simultaneously. 

35. The invention as defined in claim 33 wherein said 
initial Substrate Shielding yields complete Substrate conduc 
tivity. 

36. The invention as defined in claim 33 wherein Said 
initial Substrate Shielding is Such as to yield Substantially 
infinite Substrate conductivity. 

37. The invention as defined in claim 33 wherein said at 
least one complex admittance is at least one parasitic admit 
tance and further including an output for Supplying infor 
mation of Said at least one parasitic admittance as an output. 

38. The invention as defined in claim 33 wherein said first 
utilization apparatus includes a generator for generating a 
Substrate contact area for a ground structure utilizing Said at 
least one complex admittance. 

39. The invention as defined in claim 38 wherein said 
Substrate contact area is dependent on at least a factor related 
to Said at least one complex admittance, on a resistivity of 
Said Substrate and a separation distance between the center 
of a Sub unit and the center of a corresponding ground 
Structure. 

40. The invention as defined in claim 33 further including 
a partitioner for partitioning of a metalization Structure to be 
fabricated into prescribed metalization Structure Sub units. 

41. The invention as defined in claim 40 further including 
third determination apparatus for determining charge distri 
butions of Said Sub units and wherein Said Second determi 
nation apparatus utilizes said determined Sub unit charge 
distributions to Statically determine Sub unit admittances. 

42. The invention as defined in claim 41 wherein said 
combiner further combines said Sub unit admittances with 
Said at least one Substrate admittance to generate Said at least 
one complex admittance. 

43. The invention as defined in claim 42 wherein said 
initial Substrate Shielding is Such as to yield Substantially 
infinite Substrate conductivity. 

44. The invention as defined in claim 43 wherein said 
partitioner further partitions Said Sub units into Sets of Sub 
elements. 
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45. The invention as defined in claim 44 wherein said 
third determination apparatus further determines charge 
distributions of said Sub elements in said sets of Sub ele 
ments and Second determination apparatus Statically deter 
mines admittances of Said Sets of Sub elements. 

46. The invention as defined in claim 45 wherein first 
utilization apparatus for utilizing Said at least one complex 
admittance to generate Substrate grounding Structures 
includes means for generating a Substrate contact area for a 
ground structure utilizing Said at least one complex admit 
tance. 

14 
47. The invention as defined in claim 46 wherein said first 

utilization apparatus includes a generator for generating a 
Substrate contact area for a ground structure utilizing Said 
complex admittances. 

48. The invention as defined in claim 47 wherein said 
Substrate contact area is dependent on at least a factor related 
to Said at least one complex admittance, on a resistivity of 
Said Substrate and a separation distance between the center 
of a Sub unit and the center of a corresponding ground 
Structure. 


